ABSTRACT. The immunohistological distributions of fibronectin, tenascin, type I, III and IV collagens, and laminin were observed in the tooth buds of fetuses of minke whale, Balaenoptera acutorostrata. Distributions of extracellular matrices (ECMs) examined in this study except for tenascin were generally similar to those of terrestrial mammalian species during development of the tooth bud. Tenascin in the fetuses of minke whale showed characteristic distributions in the dental lamina and the enamel organ in the early tooth developmental stage. In the physiological degeneration stage of tooth bud development, immunoreactivity of the ECMs were very weakly and limitedly detected in the dental papilla and the surrounding mesenchyme. Immunoreactivity of tenascin and type I and III collagens were positively detected in the developing baleen plate germ which was associated with the degenerating tooth bud. These findings suggested that expressions of the ECMs were related to the formation of the tooth bud and baleen plate germ, and that the lack of the ECMs was related to the degeneration of the tooth bud in the fetal minke whale.-KEY WORDS: baleen plate germ, extracellular matrix, minke whale, tooth bud.
MATERIALS AND METHODS
Seventeen fetuses of minke whales (male 8, female 8, sex unknown 1) which were collected in the 1993/94 and 1994/95 Japanese Whale Research Program under Special Permit in the Antarctic Sea (JARPA) were used for this study. Fetal body length was measured as the longest length between the rostral end of the head and the caudal end of the body (Crown-Tail length: CTL). Data collected were from fetuses with CTL 7.6 cm to 133.7 cm. Upper and lower jaws were immediately excised after collection of fetuses, and fixed in 99% ethanol on the research base ship. In the laboratory, tooth buds with surrounding oral tissue were carefully dissected approximately at the portion of cranial 1/3 of the dental arch and embedded in paraffin. Serial sections were made by routine procedures.
For the immunohistological detection of present EMCs, we used following antibodies and working dilutions (WD): Fibronectin (FN); rabbit anti mouse fibronectin (Chemicon Inc., U.S.A.), WD 1:2,000, and rabbit anti bovine fibronectin (Advance Inc., Japan), WD 1:4,000. Tenascin (TN); rabbit anti human tenascin (Terios Inc., U.S.A.), WD 1:1,000. Collagens; rabbit anti bovine type I collagen (C1; Advance Inc., Japan), WD 1:4,000, rabbit anti bovine type III collagen (C3; LSL Inc., U.S.A.), WD 1:1,000, and rabbit anti goat type IV collagen (C4; SBA Inc., Sweden), WD 1:2,000. Laminin (LN); rabbit anti mouse laminin (LSL Inc., U.S.A.), WD 1:2,000. In all cases incubation was at 37°C for 1 hr. In some cases, the sections for C1 were digested prior to application of the antiserum at 37°C with trypsin (0.01%, 10 min). The avidin-biotinylated-peroxidase complex Formation of the mammalian tooth bud is known to occur in association with cell proliferation, cell death and the construction of extracellular matrix (ECM) networks as is the case for most of other organs [12, 14, 15] . The temporal and spatial distribution of various ECMs such as tenascin, fibronectin and collagens has been described in organogenesis along with the suggestion that those ECMs play some important roll in the formation of the tooth bud [1, 2, 7, 11, 13] .
Unlike terrestrial mammalian species, baleen whales (Mysticeti) have no teeth on their jaws, but on the upper jaw have a series of baleen plates, which are flat and triangular in outline and are composed of cornified epithelium. However, it is known that some baleen whales have temporary tooth buds on both the upper and lower jaws during their fetal period [4, 6] . Karlsen [6] and Ishikawa and Amasaki [5] described that the tooth bud of baleen whale generally developed to the bell stage with predentin or a part of dentin, but never generated enamel. Both the neogenerating baleen plate germ and degenerating tooth bud co-existed on the upper jaw in the middle fetal period of the minke whale. The tooth bud was degenerated by odontoclast and macrophage, which resembled degeneration of deciduous teeth of the diphyodont in mammalian species. The purpose of this study was to elucidate the mechanism of development and degeneration of the tooth bud of the baleen whale. In this report, we described the immunohistological distributions of some ECMs; fibronectin, tenascin, collagens (type I, III and IV) and laminin during the development and the degeneration of the tooth bud in the fetuses of minke whales. method was used for detection of first antibodies, and colored with 3,3'-diaminobenzidine. Observation and photo-image were made using a light and a stereo microscope. Control sections incubated with PBS at same temperature and time showed negative staining (data not shown). Immunostaining of TN was found in the tooth bud derived from dental lamina and mesenchyme under the tooth bud, but was not detected in the other surrounding mesenchyme. Only TN was detected in the tooth bud derived from oral epithelia (Fig.  1A) . Immunostaining of FN was not observed in the tooth bud. Relatively intense staining with anti-FN antibody was observed in the basal membrane of the dental lamina and the sub-epithelial capillary endothelium. Weak immunoreactivity of FN was observed in the mesenchyme surrounding the tooth bud. Immunoreactivity of C1 was diffused throughout the mesenchyme. Immunoreactivity of C3 was similar to that of C1 but weakly observed in the basal membrane of the tooth bud epithelium (Fig. 1B) .
RESULTS
Immunoreactivity of C4 and LN were similar to each other. Both ECMs were observed intensely in the basal membrane of the tooth bud epithelium and the sub-epithelial capillary endothelium. Additionally, C4 was observed weakly in the mesenchyme surrounding the area of dental lamina. No immunoreactivity of these ECMs was found in the oral epithelium.
Cap stage (CTL; 19.0 cm, 20.9 cm): Immunoreactivity of TN was observed in the enamel organ and dental papilla. Immunoreactivity of FN was positive in the mesenchyme surrounding the dental follicle, but was negative in the enamel organ. The dental papilla in the dental follicle was very weakly stained with anti-FN antibody. The pattern of staining with anti-C1 antibody was varied. In the fetus of 19.0 cm, immunoreactivity of C1 was observed in the dental papilla and dental mesenchyme surrounding the dental follicle, but negative in the enamel organ. In the fetus of 20.9 cm, however, immunoreactivity of C1 was detected in the dental papilla and the enamel organ. Immunoreactivity of C3 was positive in the mesenchyme surrounding the dental follicle, but was negative in the enamel organ and the dental papilla. Immunoreactivity of C4 and LN was similar. The basal membrane of the enamel organ and vascular endothelium were intensely stained while the dental papilla was weakly stained with C4 and LN antibodies (Fig.  2) .
Bell stage (CTL; 32.1 cm-63.2 cm):
In the early bell stage, immunoreactivity of TN was detected in the mesenchyme of the dental papilla and the stellate reticulum of the enamel organ. In the late bell stage, however, immunoreactivity of TN was absent in the enamel organ, and was weakly presented in the area of odontoblasts. Dentin was not stained by anti-TN antibody.
Immunoreactivity of FN was intense at the interface zone between the inner enamel epithelium and the dentin. It was also observed in the basal membrane of the vascular endothelium, which was observed abundantly in the dental papilla. Weak staining of anti-FN antibody was observed in the outer area of the dental papilla along which odontoblasts were regularly lined (Fig. 3A) . Immunoreactivity of C1 in the early and the late bell stages were negative in the enamel organ. At the late bell stage, it was detected in the outer area of the dental papilla along which odontoblasts were regularly lined. Dentin was weakly stained with anti-C1 antibody. Immunoreactivity of C3 in the early bell stage was similar to that in the cap stage. Both the enamel organ and the dental papilla surrounded by dental follicle were negative for anti-C3 antibody. In the late bell stage, immunoreactivity of C3 was weakly detected in the outer and inner enamel epithelium. C4 and LN showed intense immunoreactivity in the basal membrane of the vascular endothelium and enamel organ in both the early and the late bell stages (Fig. 3B) . The capillary endothelium stained with antibodies indicates that vessel supply into the dental papilla poured abundantly in the late bell stage.
Degeneration stage (CTL; 72.7 cm-133.7 cm): In the degeneration stage of the tooth bud, intense staining reaction of TN was detected at the interface zone between the inner enamel epithelium and the dentin. Immunoreactivity of TN was also weakly detected in the dental papilla. Zones of enamel and dentin were not stained by anti-TN antibody (Fig. 4A) . Immunoreactivity of FN was weakly observed at the interface zone between the inner enamel epithelium and the dentin, and the basal membrane of the vascular endothelium. Immunoreactivity for anti-C1 and anti-C3 antibodies were weaker than those occurring before the degeneration stage. The dentin was weakly stained by anti-C1 antibody. Trypsin treatment (0.01%) enhanced immunoreactivity of C1 antibody and staining of the dental papilla was observed (Fig. 4B) . The enamel organ was not stained with anti-C1 antibody, but the outer enamel epithelium was weakly stained with anti-C3 antibody.
Immunoreactivity of LN and C4 were observed in the basal membrane of the enamel organ epithelium and the vascular endothelium.
Formation of baleen plate (CTL; 90.4 cm-133.7 cm):
A developing baleen plate germ was always detected with the degenerating tooth bud in the upper jaw of fetuses over 90.4 cm. Immunoreactivity of TN was detected in the baleen plate germ of the fetus of 90.4 cm (Fig. 5A ), but it was weakly detected in the fetuses over 108.6 cm with developed baleen plate germs. Staining with anti-FN antibody was negative throughout the mesenchyme except for the basal membrane of the vascular endothelium. Immunoreactivity of C1 and C3 were observed in the baleen plate germ as a thick fiberoid structure arranged in radial patterns in the fetus of 90.4 cm (Fig. 5B) . A thick mesenchymal layer covered the baleen plate germ was also stained with anti-C1 and C3 antibodies. Immunoreactivity of C4 and LN were detected only in the basal membrane of the capillary endothelium.
DISCUSSION
The present findings showed that distributions of FN, C1, C3, C4 and LN in the tooth buds of fetuses of minke whale from the bud stage to the bell stage of tooth development were generally similar to those reported for terrestrial mammalian species. TN in the fetuses of minke whale showed characteristic staining pattern in the dental lamina and the enamel organ in the early tooth developmental stage. In the tooth buds of terrestrial mammalian species, TN is deposited in the mesenchyme surrounding the dental lamina in the bud stage. TN is detected in the basal membrane surrounding the enamel organ during the cap stage and in the dental papilla during the bell stage. TN is considered to have some role in the polarization and differentiation of odontoblasts [13, 15, 16] . There are few reports describing TN distributions in the enamel organ derived from the ectodermal epithelium in terrestrial mammals. Therefore, TN in minke whale could have some biological role during the development of the enamel organ, but this hypothesis could not be clearly demonstrated by present histological observations.
In the tooth bud of terrestrial mammalian species, FN is distributed in the mesenchyme and basal membrane [3, 11, 15] . C1 and C3 are also widely distributed throughout the mesenchyme. C1 is distributed in the dental papilla associated with differentiation of odontoblasts. C3 has been shown to decrease in the cuspal mesenchyme of the dental papilla as those dental cells are differentiated into odontoblasts [7, 11, 15] . C4 and LN have been detected in the basal membrane of the tooth bud epithelium and the vascular endothelium [7] . In the tooth buds of fetuses of minke whale, immunoreactivity of FN was detected intensely at the interface zone between the inner enamel epithelium and the dentin in the late bell stage of development. FN is known as a major glycoprotein in predentin. It has been considered as an adhesion protein that differentiating mesenchymal cells could use for alignment of themselves along the basement membrane. It has also been suggested that FN may control the polarization of odontoblasts [7, 15] . Lesot et al. [7] suggested that fibronectin-collagen interaction was associated with the terminal differentiation of odontoblasts. Present observation supports the idea that the formation of odontoblasts in fetal minke whales was also controlled by an interaction between the epithelial basement membrane and the mesenchyme.
In the degeneration stage of the tooth bud, immunoreactivity of TN, FN, C1 and C3 were observed to be weak. Basal membrane between the dentin and the enamel organ was still formed, but there was little specific staining of those ECMs in the dental papilla and the surrounding mesenchyme. Ishikawa and Amasaki [5] reported disappearance of odontoblasts in the dental papilla without formation of ameloblasts at the degenerating stage of tooth bud of fetal minke whales. On the other hand, positive stainings for TN, C1 and C3 were observed at the forming of the baleen plate germ. Immunoreactivity of TN was observed temporarily in the baleen plate germ, and those of C1 and C3 were observed in the mesenchyme covered baleen plate germ. These results suggest that a decrease or lack of such ECMs occurs with degeneration of the tooth bud, and that there is a redistribution of ECMs with new formation of the baleen plate germ. Reduction in the presence of some ECMs such as TN, FN and collagens may closely relate to lack of the odontoblasts and the following degeneration of the tooth bud.
The resorption of the degenerating tooth bud in the minke whale resembles that of the deciduous teeth of diphyodont animals, i.e., odontoclast and macrophage absorb deciduous teeth [5, 6] . It is interesting that the whole tooth bud of the minke whale is physiologically absorbed before birth, whereas only the root of the deciduous teeth of other mammalian species is partly absorbed after birth [8, 9] . Degeneration of the deciduous teeth in diphyodont animals characterized by resorption of the dental root might be promoted by the physical force of the developing permanent teeth [10] . However, resorption of tooth bud of minke whale needs no physical force. The biological mechanisms of degeneration of the tooth bud and the development of the baleen plate germ have not yet been elucidated. Further work is needed to clarify physiological mechanism of degeneration in relation to resorption of deciduous teeth. We have continued to detect other ECMs and some enzymes with special interest in the activation of odontoclasts.
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